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Arrangement for passage control of mine vehicles 

background of the invention 

[0001] The invention relates to a method for passage control of an 
unmanned mine vehicle, the method comprising: limiting in a mine at least one 
predefined operation area where one or more unmanned mine vehicles oper- 
ate; and preventing unallowed access of the unmanned mine vehicle to a man- 
ual area limited outside the operation area. 

[0002] The Invention also relates to a passage control system of a 
mine, the system comprising: at least one operation area for at least one un- 
manned mine vehicle; at least one gate for preventing unallowed access of the 
unmanned mine vehicle to a manual area outside the operation area; and 
means for opening and closing the gates limiting free access of mine vehicles. 

[0003] The Invention further relates to a passage station for mine 
vehicles, the passage station comprising at least one gate, which is arranged 
in a mine between an operation area limited for unmanned mine vehicles and a 
manual area limited outside the operation area, and through which passage 
station the mine vehicle is arranged to be transfen-ed from the operation area 
to the manual area and vice versa. 

[0004] Automatic and other unmanned mine vehicles have been 
provided for use in modern mines, which vehicles can be controlled by remote 
control from a control room, for instance. The purpose is to improve the safety 
of workers and the working conditions as well as to increase productivity. 
When unmanned and automatic devices are used, safety factors must be care- 
fully considered. Also, the law requires that safety systems, such as passage 
control, are used in mine systems comprising such vehicles. Typically, un- 
manned mine vehicles have an isolated operation area, to which outsiders or 
unauthorized vehicles cannot access, in order to eliminate the risk of collision. 
The operation area can be limited by arranging, for instance, booms or other 
similar boundaries In a mine. In connection with the boundaries there are sen- 
sors which monitor the crossing of each boundary. Crossing of a boundary 
causes a warning signal, which is arranged to stop the entire automatic mine 
system In the operation area and the mine vehicles therein. Thus, whenever a 
mine vehicle Is brought to an operation area or removed therefrom, the entire 
system and production will stop. 
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BRIEF DESCRIPTION OF THE INVENTION 

[0005] It is an object of the invention to provide a new and improved 
method, system and passage station for passage control of mine vehicles. 

[0006] The method of the invention is characterized by transfem'ng 
the mine vehicle from the operation area to the manual area or vice versa 
through at least one passage station, the passage station being arranged be- 
tween the operation area and the manual area; perfomiing the transfer of the 
mine vehicle in the passage station through a first access gate and a second 
access gate and further through an intermediate space between the access 
gates; and. during the transfer of the mine vehicle, keeping at least one access 
gate closed at a time. 

[0007] The system of the invention is characterized in that the sys- 
tem comprises at least one passage station, which Is arranged between the 
operation area and the manual area and through which the mine vehicle is ar- 
ranged to be transferred from the operation area to the manual area and vice 
versa; that the passage station comprises two openable and closable access 
gates anranged successively at a distance from each other; that the firet ac- 
cess gate is in the operation area side and the second access gate is In the 
manual area side; that there is an intermediate space between the first access 
gate and the second access gate; and that the passage control system is ar- 
ranged to control the passage station so that when the mine vehicle is in the 
intemnediate space, at least one access gate is closed. 

[0008] The passage station of the invention is characterized in that 
the passage station comprises two openable and closable access gates ar- 
ranged successively at a distance from each other; that the first access gate is 
in the operation area and the second access gate is in the manual area; that 
between the first access gate and the second access gate there is an interme- 
diate space, to which the mine vehicle can be driven through an access gate; 
and that the passage station comprises at least one control device, which is 
arranged to control the passage station so that when the mine vehicle is in the 
Intermediate space, at least one access gate is closed. 

[0009] The essential idea of the invention is that an unmanned mine 
vehicle is transfen-ed from an operation area limited for it to a manual area via 
a passage station. The passage station comprises two successive access 
gates, which can be opened and closed. Between the access gates there is an 
intemiediate space, to which the mine vehicle to be transfen-ed can be driven. 
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When the mine vehicle is driven to or from the intennedlate space, one access 
gate is open and the other is closed. 

[0010] The invention provides the advantage that mine vehicles can 
be taken safely to and from a limited operation area formed for unmanned 
mine vehicles without having to stop the operation of other mine vehicles in the 
operation area. Due to the invention, mine vehicles which are in the operation 
area can be taken to be serviced or repaired without stopping the operation of 
the system. Furthermore, new mine vehicles can be brought to the operation 
area, if necessary, and unnecessary mine vehicles can be removed without 
trouble. 

[0011] The essential Idea of an embodiment of the Invention is that 
an unmanned mine vehicle is driven unmanned from an operation area to an 
intermediate space. The mine vehicle Is switched off and switched to manual 
mode. Thereafter, a driver drives the mine vehicle manually from the intenne- 
dlate space to the manual area. When the mine vehicle is transferred from the 
manual area to the operation area, the transfer from the manual area to the 
intermediate space is carried out manually. After this, the driver leaves the in- 
termediate space and the mine vehicle is driven unmanned from the intenme- 
diate space to the operation area. 

BRIEF DESCRIPTION OF THE FIGURES 

[0012] The invention will be described in greater detail in the at- 
tached drawings, in which 

Figure 1 schematically shows a section of a mine provided with a 
passage control system of the invention, 

Figure 2 schematically shows a side view of a mine vehicle. 

Figure 3 schematically shows a gate of a passage station of the in- 
vention from the direction of travel of the mine vehicle. 

Figures 4, 5 and 6 schematically show top views Illustrating the op- 
erational principle of a passage station of the invention, and 

Figure 7 schematically shows a gate of the passage station from the 
direction of travel of the mine vehicle. 

[0013] For the sake of clarity, the figures show the invention in a 
simplified manner. Like parts are designated by like reference numerals. 
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DETAILED DESCRIPTION OF THE INVENTION 

[0014] Figure 1 shows a section of a mine. Tlie mine comprises 
several mine tunnels 1 where mine vehicles 2 can operate. By using of bound- 
ary gates 3a to 3m, an operation area 4 can be limited In a mine, where mine 
vehicles can be driven safely as unmanned. Mine vehicles operating in other 
sections of the mine are not allowed to access to this limited operation area 4. 
People do not have free access to the operation area 4 either. The access to 
the operation area can be monitored by means of a passage control system 5. 
The passage control system 5 and a control system 6 of mine vehicles can 
form a part of a control system 7 of the entire mine. The passage control sys- 
tem 5 comprises at least one access station 8 allowing mine vehicles 2 to be 
taken to and from the operation area 4 without having to stop other mine vehi- 
cles 2 operating in the operation area 4. The number of access stations 8 re- 
quired depends, for instance, on the size of the operation area 4 and the num- 
ber of mine vehicles 2 operating in the operation area 4. Seen in the direction 
of travel of the mine vehicle, the passage station 8 comprises two successive 
access gates, i.e. a first access gate 9 in the operation area side 4 and a sec- 
ond access gate 11 in a manual area side 10. There is an intermediate space 
12 between the first access gate 9 and the second access gate 11. The pas- 
sage control system 5 of the mine control system 7 can be arranged to control 
the operation of the access gates 9, 1 1 . The passage station 8 can also com- 
prise a first detection point 13 in the operation area 4 before the first access 
gate 9 and, correspondingly, a second detection point 14 in the intennedlate 
space 12 before the second access gate 1 1 . The operation of the passage sta- 
tion 8 is illustrated in more detail in the description of Figures 4, 5, and 6. 

[0015] As Figure 1 shows, there can be a plurality of boundary 
gates 3a to 3m, which can be situated as desired in different sections of the 
mine. Gates 3 can be positioned in the mine in such a manner that the access 
of unmanned mine vehicles to specific mine sections or mine tunnels 1 can be 
prevented. In Figure 1, for instance, a tunnel 1a is isolated by means of gates 
3d and 3j as a safety area, to which the unmanned mine vehicles cannot ac- 
cess. Thus, the safety area 1a does not belong to the operation area 4. In the 
safety area la, manual operations, such as service, repair and measurement 
operations, can be carried out. The passage control system 5 can be arranged 
to open and close gates 3a to 3m by remote control. 
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[0016] By utilizing gates 3a to 3m, it is also possible to provide a 
safety path 17 from the passage station 8 to the safety area 1a. Thus, manual 
mine vehicles 15 as well as the necessary people 16 can be transported safely 
to the safety area la without having to stop the operation of the unmanned 
mine vehicles 2 in the operation area 4. A safety path 17 is illustrated by a dot- 
and-dash line in Figure 1. In this case, the gates 3g, 3h, 31, 3k and 3m are 
closed and the gate 3j is open. 

[0017] Figure 2 shows a mine vehicle 2, which can be driven un- 
manned in the operation area 4 of the mine. In this case, the mine vehicle 2 is 
a loading vehicle, but it can also be another vehicle used in the mine, such as 
a measuring vehicle, a rock drilling rig, a charging vehicle or a transport vehi- 
cle. The mine vehicle 2 comprises a control unit 18 for controlling the mine ve- 
hicle 2. Furthennore, the mine vehicle 2 can comprise navigation equipment 19 
for determining the position and the direction. The mine vehicle 2 can also 
comprise a data transmission unit 20 for establishing a data transmission con- 
nection 21 between the control unit 18 of the mine vehicle 2 and at least one 
external control unit 22. Thus, control commands can be transmitted, for in- 
stance, from a control room 23 to the mine vehicle. When, for example, electri- 
cally driven mine vehicles are used, the data transmission connection 21 can 
be wired. The data transmission connection can also be wireless, e.g. a sys- 
tem based on radio frequency. Furthermore, it is possible that an operator con- 
trols the mine vehicle 2 by remote control from an external control room 23. for 
instance. Control commands are transmitted to the mine vehicle by using a 
data transmission connection 21 . For teleoperation, the operator can be pro- 
vided with image information provided by a camera 24 an-anged in the mine 
vehicle, and also with other information for controlling and steering a mine ve- 
hicle 2, provided by laser scanners 25, sensors and the like, for instance. The 
mine vehicle 2 can also be driven automatically in the mine along a predefined 
route, e.g. from a loading site to a dumping site. This route can be formed by 
teaching, for Instance. Also, an electronic map of the mine can be utilized in 
the automatic drive. Depending on the situation and the mine, the above con- 
trol methods can be combined. As shown above, there are several alternative 
technologies and methods for positioning and controlling an unmanned mine 
vehicle 2 in a mine. 

[0018] Figure 3 is a great simplification of a gate structure, which 
can be used as an access gate 9, 1 1 of a passage station 8. Such a gate can 
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also be applied as a boundary gate 3a to 3m for limiting an operation area 4. 
The construction of the gate 9 can be such that it fomis a physical barrier to 
mine vehicles 2. The gate 9 can also be dimensioned In such a manner that it 
can stop the mine vehicle 2 if the mine vehicle 2 drives against the gate 9 for 
some reason. In its simplest, the gate is a boom whose one end comprises 
hinges for opening and closing it. Furthenmore, the structure of the gate 9 can 
be such that people cannot pass by the gate 9 at all. or at least without using 
considerable effort, unless they open it. At the gate 9 there is a moving appara- 
tus 26, by which the gate 9 can be opened and closed. The moving apparatus 
26 can be controlled by a control device of the passage control system 5. 

[0019] Figures 4 to 6 illustrate the structure and operational princi- 
ple of a passage station 8 of the Invention. The passage station 8 comprises 
two openable and closable access gates 9, 11, which are arranged succes- 
sively at a predefined distance from each other. The first access gate 9 is in 
the operation area 4 limited for unmanned and automatic mine vehicles 2 and 
the second access gate 1 1 is in the manual area 10 intended for manual driv- 
ing. Between the access gates 9, 11 there Is an intennedlate space 12, which 
is dimensioned in such a manner that the mine vehicles 2 to be used in the 
operation area 4 fit in the intermediate space 12 when the access gates 9, 11 
are closed. The access gates 9 and 11 are kept closed and they are opened 
only when mine vehicles 2 need to be transfen-ed between the operation area 
side 4 and the manual area side 10. Thus, the passage station 8 also limits the 
operation area 4. Further, the operation of the access gates 9 and 11 Is ar- 
ranged in such a manner that only one gate can be open at a time. Only when 
the mine system is out of operation, both access gates 9, 11 can be simulta- 
neously open manually. 

[0020] Next, the operation of the passage station 8 Is described in a 
situation where an unmanned mine vehicle 2 needs to be removed from the 
operation area in order to service it, for instance. The control system 6 gives 
the mine vehicle 2 a control command to move to a defined access station 8. 
After receiving the control command, the mine vehicle 2 finishes its current 
operation or. depending on the situation, intenupts its operation and moves 
towards the passage station 8. It can be transfen-ed to the passage station 8 
by remote control along a pre-taught route, for Instance. As the mine vehicle 2 
approaches the passage station 8, the passage control system 5 can open the 
first access gate 9. In front of the first access gate 9 there Is at least one first 
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detection point 13. e.g. a photocell, the purpose of which is to detect the mine 
vehicle 2 when it approaches the passage station 8. If problems arise during 
the mine vehicle 2 approach or while opening the access gate 9, the detection 
point 13 detects the approaching mine vehicle 2 and can send a message to 
the control system 6. If necessary, the control system 6 can perform an emer- 
gency stop of the mine vehicle 2 before collision. There may be a similar, sec- 
ond detection point 14 in front of the second access gate 11. As Figure 5 
shows, the mine vehicle 2 can be driven unmanned to the intermediate space 
12 of the passage station 8. After this, the first access gate 9 is closed. There- 
after, the operation of the mine vehicle 2 is switched off. The second access 
gate 11 of the passage station 8 can now be opened and a driver 16 can get 
on the mine vehicle 2 in the intermediate space 12 and switch it to manual 
mode and drive the mine vehicle 2 manually away from the passage station 8 
to the manual area 10. After this, the second access gate 11 can be closed. 
The second access gate 11 can be used manually by control means of the 
passage control system 5. 

[0021] When the mine vehicle 2 Is transferred from the manual area 
10 to the operation area 4. the above steps take place in reverse order. The 
second access gate 1 1 is opened manually, after which the driver 1 6 drives the 
mine vehicle 2 manually to the intemiediate space 12. The driver 16 leaves the 
Intermediate space, closes the second access gate 1 1 and switches the con- 
trol system 6 and the passage control system 5 to automatic mode. Thereafter, 
the mine vehicle 2 makes the necessary arrangements for automatic drive.' 
The passage control system 5 opens the first access gate 9, whereafter the 
mine vehicle 2 leaves the passage station and proceeds towards a defined 
work site. Finally, the first access gate 9 is closed. 

[0022] The passage control system 5 can also comprise other 
safety devices and arrangements. Various cameras and sensors can be used 
for ensuring that there are no people 16 in the intermediate space 16 when the 
system is switched to automatic mode. Furthermore, people 16 working in the 
passage station 8 can be required to indicate their position before the system 
Is switched off from the manual drive. 

[0023] Figure 7 shows another feasible way of controlling the ac- 
cess of a mine vehicle. Here the passage station Is provided with a substan- 
tially horizontal boom 27. which Is located higher than the top section of mine 
vehicles 2. Thus, the boom 27 acts as an access gate 9,11. Each mine vehicle 
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2 is also provided with at least one mast 28. The mast 28 is dimensioned so 
that it reaches the boom 27 in the passage station 8. In connection with the 
mast 28 there is at least one sensor 29, which is arranged to switch off the 
mine vehicle 2 and/or give a signal to the control system and the passage con- 
trol system 5 when the mast 28 hits the boom 27. Another alternative is that 
one or more sensors 29 are arranged in connection with the boom 27 and the 
information is transmitted from the sensor 29 to the control system and the 
passage control system 5. The arrangement of Figure 7 can be applied in addi- 
tion to other gate constructions or as an alternative thereto. 

[0024] In some cases, the access gate 9 and 11 can also comprise 
a plurality of gate sections, which can be anranged to open and close by 
means of a separate moving apparatus 26 and by using their support ele- 
ments. 

[0025] The drawings and the related description are only intended 
to illustrate the idea of the invention. In its details, the invention may be varied 
within the scope of the invention. 



